Most students entering universities in the United States have established views on water resource issues. The purpose of this 25-year study was to measure the impact of science-based education on student opinions of water quality, water quantity, and drinking water issues. A total of 8523 students enrolled in the introductory environmental science class between 1993 and 2017 at the University of Idaho provided opinions to specific water-related statements by taking a repeated measures survey that was administered at the beginning (Week 1) and end (Week 15) of the course. Over 60% of students initially believed (Week 1) that water pollution had gotten worse in the last 25 years; however, by Week 15, 62.8% believed that water pollution had actually decreased. Males were more likely to consider water cleaner, safer, and more plentiful than females. A majority of students initially felt that bottled water was safer than urban tap water (66.1%); however, by the end of the course only 13.4% thought that bottled water was safer. The most important finding of this study was that through a science-based education process, students learned and were willing to change their initial ideas about water issues to align with views that are most accepted by science. Consequently, as long as this and other similar courses at universities across the country are taught from a science-based perspective, they effectively align student opinions with current scientific thought and improve student preparation for making sound decisions about the environment in an increasingly complex world.
T he public considers water resources (both quality and quantity) to be the most important environmental issues in the four Pacific Northwest (PNW) states-Alaska, Idaho, Oregon, and Washington (Dunlap and Scarce, 1991; Mahler et al., 2004 Mahler et al., , 2005 Mahler et al., , 2010 . These four states heavily utilize this water resource for agriculture (6 million irrigated hectares), commerce, power production, direct human consumption, food processing, and recreation. Starting at a young age, children are exposed to environmental education in schools. Consequently, most PNW citizens understand the importance of this resource.
Water issue opinions have been extensively studied by using surveys at the adult citizen level but are less known for university students. Twelve survey studies of college students about environmental issues have been published in the last 50 years (Thompson and Gasteiger, 1985; Schuetz et al., 2011) . A recent survey study of university students in Lithuania, Finland, and Sweden found that college students felt a lack of clean water was the most serious environmental issue in the world (Keinonen et al., 2016) . Survey studies in China have shown that college students look at environmental issues on the local level much differently than they perceive global environmental issues (Duan and Fortner, 2005) . On the positive side, global water quality and quantity issues have often been significant components of science classes at universities since 2008. However, the awareness of these issues across university student bodies is uneven (Schuetz et al., 2011) . An Ohio study showed that university students support sustainable management of water and water reuse (Vedachalam and Mancl, 2010) . University student surveys in Texas indicated that students had a favorable perception of the impact of agriculture on both the economy and environment (Terry and Lawyer, 1995) . University business students in Australia were found to recognize that they as individuals pose challenges to the environment and sustainability (Eagle et al., 2015) . However, these business majors regarded: (1) most environmental issues beyond their personal control, (2) solutions to environmental problems as the responsibility of others, and (3) major lifestyle changes to address environmental issues as unacceptable. Science education is an important tool to prepare students to become decision makers (Duit and Treagust, 2003; Holbrook and Rannikmae, 2007) .
Students entering college bring with them a set of beliefs about water issues that have been strongly influenced by schools, peers, relatives, and the media (Mahler et al., 2008 (Mahler et al., , 2010 Mahler and Barber, 2017) . Most universities require students to take one or more science courses regardless of their career choice as part of the resident instruction (RI) process. This requirement is at least partially based on the need for students to be familiar with the scientific method so that they can understand science-based issues. A general course in environmental science is often used to meet this need. Because of this need an introductory course in environmental science (ES101) was developed in 1993 at the University of Idaho. In addition to this need to enhance the science literacy of non-science majors, this course was designed to teach students about environmental issues from a science perspective based on the scientific method, rather than being based on the bias of advocacy. The 18 environmental issues covered in this course included: The purpose of this study is to document how a sciencebased college class can change student opinions about water resource issues including water quality, water quantity, and drinking water. This is important because students taking these types of courses are tomorrow's decision makers.
MATERIALS AND METHODS
The vast majority of students enrolled in this large RI class (ES101) were not science majors. In fact, this was the only college-level science class taken by 40% of the enrolled students. The teaching methodology used to evaluate this class included a traditional evaluation of the class completed by the student and a second instrument that is covered in this article. This second instrument consisted of a survey containing between 32 and 52 statements about environmental issues. Here, students were asked to strongly agree, agree, disagree, strongly disagree, or to not express an opinion for each statement. This instrument was given to students on the first day of class (Week 1) and again during the last week of class (Week 15) so that student opinion change about issues could be measured. The change in student opinion allowed the instructor (senior author) and the Environmental Science Program at the University of Idaho (UI) to assess learning outcomes and to measure opinion change about specific environmental issues.
Total enrollment in the class was 9385 during this 25-year time period. However, because of student drops, some students not completing the class, and absences when the surveys were administered, a total of 8523 students actually completed both surveys during this 25-year study. This class was taught every semester during this time period by the same instructor. Enrollment ranged from a low of 27 in fall 1993 (the first time the class was taught) to a peak of 367 in spring 2010. Students enrolled in this class for one of the three following reasons: (1) general interest, (2) a requirement for their major, or (3) to fulfill the science requirement of various colleges within the University of Idaho.
The water section of the ES101 class consisted of three components and eight 50-minute lectures. The components were (1) water quality, (2) water quantity, and (3) drinking water. Seven water-related statements/questions about water were asked of students on the first day of class (Week 1) and again on the last day of the term (Week 15). This was done to measure the impact of lectures on a student's understanding and/or views of water issues. The teaching method throughout the course and the eight waterrelated lectures emphasized the scientific method and using scientific data about water, rather than advocacy about water issues. Consequently, science and science-based learning, rather than a conscious bias about water issues, were presented to the class. The three water quantity lectures covered the following material: (1) humans and the water cycle, (2) water quantity issues now and in the future, (3) obtaining more water, (4) conservation of water, and (5) international, regional, and local water quantity issues. The three water quality lectures covered the following materials: (1) surface water pollution, (2) nutrient enrichment, (3) sources of nutrients and sediments, (4) freshwater pollution, (5) saltwater pollution, and (6) measurements of water quality. The two lectures on drinking water addressed: (1) history of drinking water, (2) the Safe Drinking Water Act, (3) primary and secondary drinking water standards, and (4) bottled water.
A survey instrument containing between 30 and 52 statements (semester dependent) about specific environmental issues was developed in 1993. This instrument contained 7 (of the 52) statements about water quality, water quantity, and drinking water.
The specific statements about water issues quality were: 1. In the United States water pollution has become worse in the last 25 years. 2. I consider water in local rivers and lakes clean enough for swimming. The specific statements for water quantity were: 3. Water shortages in the Pacific Northwest are a serious problem. 4. Water conservation should be emphasized in homes and yards. The specific statements for drinking water were: 5. In cities the water from the tap is safe to drink. 6. For drinking water purposes bottled water is safer than tap water. 7. Pesticides are a common contaminant in drinking water. For each of the above seven statements, the students were instructed to circle one of the following answers: SA (strongly agree), A (agree), N (neutral or no opinion), D (disagree), or SD (strongly disagree). The responses to each question used a 5-point Likert scale in the study design (Boone and Boone, 2012) . This survey instrument was included in the syllabus packet that students received on the first day of class. In addition to the survey answers, students provided information about their major, gender, home town, and year in college. Students turned in the completed survey form on the first day of class when leaving the classroom. Students again received the same survey during the 15th week of the semester. Again, the completed survey was collected at the end of the class period.
The same survey procedure was repeated for 51 straight semesters from fall semester 1993 through fall semester 2017. During this period of time 8523 students completed the two surveys. The average number of completed surveys was 167 per semester. Because of the way the study was designed and conducted, it was estimated that the paired (beginning and end of semester) study was completed by 86% of the students enrolled in the class.
The data from each completed paired survey were summarized and a statistical analysis was performed to measure opinion change. To simplify the data analysis, the SA and A responses and the D and SA responses were pooled. This procedure of pooling SA and A, and D and SD responses was consistent with the evaluation of other regional public opinion surveys completed by the general public in the Pacific Northwest between 1998 and 2016 (Mahler et al., 2004; . The collective 51 semester data sets were analyzed using SAS, and where appropriate, t tests and/or orthogonal contrast comparisons were used to evaluate the interactions of gender, survey semester (year), student major, and year in college (SAS Institute, 2004; Babbie, 1983; Dillman, 2000) .
RESULTS
The seven survey statement questions listed in the methods section above were asked of all students that took the introductory environmental science class (ES101) every semester from the fall 1993 semester through the fall 2017 semester.
Water Quality
Summary answers to the water quality statements, "In the United States, water pollution has become worse over the last 25 years" and "I consider water in local rivers and lakes clean enough for swimming" are shown in Table 1 . When averaged over the 25-year study, 61.9% of students initially agreed (SA + A) that water pollution had become worse over the last 25 years. By the end of class (Week 15), however, less than 20% of the students in the class thought that water quality was getting worse. The presentation of scientific information in the class was probably responsible for this dramatic change in student views. Up until students enrolled in the class, the popular media was likely most responsible for student views; however, the introduction of scientific facts including water monitoring data likely changed student views. The large number of students surveyed made virtually every comparison statistically significant (p = 0.00001). By the end of the class, a majority of students also felt that local rivers and lakes were safe enough for swimming. This change was also significant (p = 0.00001) compared with views on the first day of class.
Both gender (Table 2 ) and college major (Table 3 ) impacted how students viewed the two water quality statements/questions. Female students were more likely to be skeptical of water pollution trends (75.4 vs. 45.5%) and less optimistic about the safety of waters for swimming (31.3 vs. 66.1%) than male students at the beginning of the ES101 class ( Table 2 ). The differences between gender of views about water pollution narrowed by the end of the semester (21.6% getting worse for females vs. 18.8% getting worse for males) but were still significant. A higher percentage of males and females felt that surface water was safe for swimming by the end of the semester; Table 1 . University of Idaho student reactions to two statements on water quality on the first (Week 1) and the last day (Week 15) of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 for both questions between weeks).
Statement
Response Before (Week 1) After (Week 15) Significance
In the United States, water pollution has become worse over the last 25 years. 15.1 *** † Significance at the 0.10 level of probability. *** Significance at the 0.001 level of probability. Table 2 . The influence of gender on University of Idaho student agreement (strongly agree + agree) with two statements about water quality on the first (Week 1) and the last day (Week 15) of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 for both questions between weeks and between gender).
Gender Before (Week 1) After (Week 15) Significance however, the gender gap was still large and had not narrowed during the semester. The gender-based results were similar to gender trends observed in public opinion surveys conducted of older PNW citizens (age 30 or greater). College major also had a significant impact on how students felt about water pollution trends (Table 3 ) (p = 0.00001). A majority of students in all majors except engineering agreed with the statement that water pollution had become worse over the last 25 years at the beginning of the course. However, by Week 15 less than 31% of students in all majors agreed that water quality had deteriorated in the last 25 years. Students majoring in architecture, education, general studies, humanities, and social sciences were more likely to view water pollution as increasing both at the start (Week 1) and end of the class (Week 15) than other majors. Conversely, students majoring in agriculture, business, engineering, science, and forestry were least likely to indicate that water pollution was getting worse. College major did not affect views on the safety of swimming in surface waters.
Water Quantity
Compared with other western states, Idaho's water supplies are plentiful. Considering its relatively small population, Idaho is a large consumer of water. In fact, only 4 of the 50 states use more water than Idaho (Mahler, 2019) . On an average day, 64 billion liters of water are used. This translates into a per capita water use of more than residents of any other state. The snowpack in the mountains of the central and northern portions of the state provides adequate amounts of surface and groundwater (through recharge) to meet most needs in the state. Even though the southern and most populated part of the state is characterized by a desert biome, water supplies are adequate to support over 1.6 million hectares of irrigated farmland. Consequently, most students coming into the ES101 class did not consider water quantity a serious issue. The answers to the survey questions about quantity reflect this view.
Summary data for the statements, "Water shortages in the Pacific Northwest are a serious problem" and "Water conservation should be emphasized in homes and yards" are shown in Table 4 . When averaged over the 25-year study, only 11.3% of the students came into ES101 believing that water shortages in the PNW were a serious problem. By the end of the class (Week 15), the percentage of students considering water shortages a serious problem increased to 17.4% (Table 4 ). This increase was statistically significant (p = 0.00001); however, still less than one out of five students were worried about water shortages. A larger change was observed with the water conservation statement, as only 23.0% of the students believed that water conservation should be emphasized in homes and yards during Week 1 in the class, but this percentage increased to 54.6% by Week 15 (Table 4 ). Both gender (Table 5) and survey year (Table 6 ) impacted how students viewed the importance of water conservation in homes and yards.
Gender had a significant impact on student responses to conservation and drought worries (Table 5 ). Females were more likely than males to say that water conservation should be emphasized in homes and yards (p = 0.00001). At the beginning of the class one quarter of females agreed that water conservation should be emphasized; however, by the end of the class, more than 70% agreed with the water conservation statement. Conversely, males were much less likely to say that water conservation should be used in homes and yards both at the beginning and the end of class. Students were less concerned about drought potential than water conservation. The gender gap was also evident here, as females were five times and three times as likely as males to be concerned about water Table 3 . The influence of major on University of Idaho student agreement (strongly agree + agree) with the statement "In the United States water pollution has become worse over the last 25 years" on the first (Week 1) and the last day (Week 15) of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 between major; p = 0.00001 between Week 1 and Week 15). † Students without declared majors were listed under the category of general studies along with students who were general studies declared majors. Table 4 . University of Idaho student reactions to two statements on water quantity on the first (Week 1) and the last day (Week 15) of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 for both questions between weeks). shortages at the beginning and end of the introductory environmental science course, respectively (Table 5) . Survey year also had a significant impact on student perceptions about water conservation and water shortages ( Table 6 ) (p = 0.00001). The viewed importance of water conservation in homes and yards increased over time (study year) in both the initial survey (Week 1) and at the conclusion of the course (Week 15). Less than 17% of students starting the course (Week 1) in 1993-1997 considered home water conservation important; however, by 2010 more than 26% of entering students agreed that conservation was important (p = 0.02). This same trend was observed in Week 15 as the percentage of students who agreed with the importance of water conservation increased from 41. 4% in 1993-1997 to 67.8 in 2014-2017 (p = 0.003) .
Major
Survey year also impacted the importance of water shortages cited by students in the PNW. Although less than 25% of students considered water shortages an issue in both the Week 1 and Week 15 surveys and during all survey years, the concern about water shortages increased with time (Table 6 ) (p = 0.005). This increase was as much related to increased drought and climate change coverage by the media as information presented to the ES101 class.
Drinking Water
The data summary for the three drinking water statements is shown in Table 7 . When averaged over the 25-year study, 54.3% of the students entered ES101 believing that water coming from the tap in cities was safe to drink. By the end of class in Week 15 more than 80% of these students agreed that city tap water was safe. This increase can be attributed to classroom education about the Safe Drinking Water Act first passed by Congress in 1973 and subsequent amendments. Male students were more likely than females (62.3 vs. 50.8%) to initially agree that city tap water was safe to drink (Table 8 ) (p = 0.0001). However, by the end of the class (Week 15) there was no gender gap, as 78.7% agreed that city tap water was safe.
Student major had a significant impact on perceptions about the safety of drinking water from city taps both initially and at the end of the course (Table 9 ) (p = 0.0004). The Week 1 survey indicated that a majority of students majoring in agriculture, architecture, business, engineering, forestry, and science agreed with the statement that it is safe to drink water from the tap in cities. Conversely, less than 45% of students majoring in education, environmental science, humanities, and social science initially thought that tap water was safe. By Week 15, more than 70% of students in all majors considered city tap water safe. Engineering and science majors were most likely to consider tap water safe (p = 0.03), whereas humanities, environmental science, and education majors were least likely to agree with the safety of city tap water (p = 0.04).
Bottled water has been a controversial topic in the United States for the last 20 years. The public debate has centered around the associated plastic waste associated with bottled water rather than the safety of the product. In general, the public has always assumed that bottled water Table 5 . The influence of gender on University of Idaho student agreement (strongly agree + agree) with two statements about water quantity on the first (Week 1) and the last day (Week 15) of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 for both questions between weeks and between gender).
Statement
Gender Before (Week 1) After ( is safe to drink. During the first week of the term, 66.1% of students agreed with the statement that for drinking purposes bottled water is safer than tap water in American cities (Table 7) . This positive response to bottled water fell to only 13.4% by Week 15. This decrease in support for the safety advantage of bottled water can be attributed to classroom education. Students learned that bottled water is regulated by the Food and Drug Administration (FDA), and city tap water is governed by the U.S. Environmental Protection Agency (USEPA). The fact that USEPA standards are stricter than FDA standards for drinking water safety cast doubt on any safety advantage the consumers may have linked to bottled water. Both gender (Table 8) and survey year (Table 10) impacted how students viewed the safety of bottled water compared with city tap water. Female students were more likely than males (78.0 vs. 52.0%) to agree that bottled water was safer for drinking than city tap water at the beginning of the environmental science course (Table 8 ) (p = 0.00001). However, by Week 15 less than 16% of both male and female students considered bottled water safer. The gender difference was still apparent in Week 15, as more females than males considered bottled water safer (p = 0.04). Survey year also had a significant impact on student perceptions about the safety of drinking water vs. tap water for drinking purposes (Table 10) . Students surveyed during Week 1 between 1993 and 2001 were more likely to consider bottled water safer than students surveyed the first week on class between 2002 and 2017. The same trend was apparent in Week 15, although far fewer students considered bottled water safer than city tap water.
More than 22% of students entering the introductory environmental science class supported the statement that pesticides are a common contaminant in drinking water (Table 7) ; however, by Week 15, fewer than 5% of students in this class considered pesticides to be a common drinking water contaminant. Again, classroom education made the difference as environmental agency monitoring data about water contaminants were discussed in class. Male students were less likely than females to consider pesticides a common drinking water contaminant at both Weeks 1 and 15 (Table 8) . Student major and survey year did not affect answers to the pesticide contamination question. Table 7 . University of Idaho student reactions to three statements about drinking water on the first and the last day of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 for all three questions between weeks).
In cities, drinking water from the tap is safe to drink. Table 8 . The influence of gender on University of Idaho student agreement (strongly agree + agree) with three statements about drinking water on the first and the last day of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 between gender for all three statements in Week 1 survey; p = 0.00001 between Week 1 and 15 for all three statements; NS, p = 0.04, p = 0.0002 between gender in Week 15 for statements 1, 2, and 3, respectively).
Gender Before (Week 1) After (Week 15) ----% agreeing ----In cities, drinking water from the tap is safe to drink. Table 9 . The influence of major on University of Idaho student agreeing (strongly agree + agree) with the statement, "In cities, drinking water from the tap is safe to drink" on the first and the last day of class in Environmental Science 101 between 1993 and 2017 (N = 8523; p = 0.00001 between weeks).
Major
Before (Week 1) After (Week 15) ----% agreeing ---- 
SUMMARY AND CONCLUSIONS
Students attending the University of Idaho came into ES101 with strong opinions about water quality, water quantity, and drinking water issues. Many times, their initial opinions contradicted the existing scientific evidence. However, when presented with science-based information, student opinions often changed by the completion of the introductory course. Examples of this opinion change were noted for water quality, water quantity, and drinking water issues. Student gender, major, and the year the student was surveyed often impacted views. Key findings of this study included:
• More than 60% of students initially believed (Week 1) that water pollution had gotten worse in the last 25 years; however, by the end of the course most students (62.8% in Week 15) believed that water pollution had actually decreased.
• At both the beginning and end of the course, females were more likely than males to say that water pollution had become worse in the last 25 years, whereas males were more likely to consider surface waters safe for swimming.
• A majority of students in all majors except engineering initially (Week 1) thought that water pollution had become worse over time; however, by Week 15 less than 31% of all majors thought that water quality had deteriorated.
• Less than 12 and 18% of students thought that water shortages were a serious problem in the Pacific Northwest at Week 1 and Week 15 of the class, respectively.
• Even though only 23% of students thought that water conservation should be emphasized in homes and yards in Week 1, by the end of the class (Week 15) a majority of students thought that water conservation was important.
• Females were more likely than males to be worried about water shortages and support water conservation at Week 1 and Week 15 of the introductory environmental science class.
• Survey data indicated that survey year affected responses to water quantity, as students taking the survey between 1993 and 1997 were less likely to worry about drought and conservation issues that students surveyed after 2010.
• More students agreed city tap water was safe to drink at Week 15 (81%) than at Week 1 (54.3%) of the course.
• Initially males were more likely than females (62.3 vs. 50.8%) to say that drinking water from the tap was safe; however, by the end of the class no gender difference was observed.
• Student major had an impact on perceptions on the safety of tap water as less than 45% of students majoring in education, environmental science, humanities, and social sciences initially (Week 1) considered this water safe. By Week 15 at least 70% of students in all majors thought that drinking city tap water was safe.
• Initially a majority of students felt that bottled water was safer than tap water (66.1%); however, by the end of the course only 13.4% thought that bottled water was safer.
• Females were more likely to initially say that bottled water was safer than tap water in cities. This gender difference narrowed by Week 15.
• Students completing the survey prior to 2002 were more likely to consider bottled water safer than tap water in both the initial survey (Week 1) and the end of course survey (Week 15).
Environmental science is the study of how science influences the environment and environmental systems. It is the discipline where the biological, physical, and chemical components of the environment interact with social sciences. Most students entering universities in the United States have established views on environmental issues. These views have been influenced by the media, peers, and relatives. Most college-age students are aware that environmental issues are important to them individually and to the quality of life on Earth now and for generations to come. This long-term study (25 years) of student views about important water issues is the most comprehensive study of its kind. This study documented both preconceived ideas about water issues as well as how education at the college level can modify these opinions. The long-term aspect of this data set also shows how society views about water have changed over time. For instance, 15 to 20 years ago bottled water was considered an excellent commodity because it was a safe source of drinking water. However, in recent years the cost of bottled water and the associated waste (plastic bottles) have put this commodity in a less positive light.
The most important finding of this study is that, through a science-based education process at the college level, students learned science-based information about water issues and they were willing to change their initial opinions about water quality, water quantity, and drinking water issues to align with views that are most accepted by science. With this science-aligned information, consumers can make scientifically sound decisions about water issues. Consequently, as long as this course (ES101) and other similar courses at universities across the country are taught from a science-based perspective, they influence student opinions and more effectively prepare students for making sound decisions in an increasingly complex world.
